i iiiii inn i hb hh nil in iiii m 11 iih in hi du iiii 

US006849545B2 

(12) United States Patent (io) Patent No.: US 6,849,545 B2 

Mak ct ah (45) Date of Patent: Feb. 1, 2005 



(54) SYSTEM AND METHOD TO FORM A 
COMPOSITE FILM STACK UTILIZING 
SEQUENTIAL DEPOSITION TECHNIQUES 

(75) Inventors: Alfred W. Mak, Union City, CA (US); 

Mel Chang, Saratoga, CA (US); Jeong 
Soo Byun, Cupertino, CA (US); Hua 
Chung, San Jose, CA (US); Ashok 
Slnha, Palo Alto, CA(US); Moris 
Korl, Palo Alto, CA (US) 

(73) Assignee: Applied Materials, Inc., Santa Clara, 
CA (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) AppL No.: 09/885,609 

(22) Filed: Jun. 20, 2001 

(65) Prior Publication Data 

US 2002/0197863 Al Dec. 26, 2002 

(51) Int. CI. 7 H01L 21/44 

(52) U.S. CI 438/679; 438/769; 438/775; 

438/770; 438/685; 438/683; 438/682; 257/751; 

427/255.2 

(58) Field of Search 438/679, 627, 

438/644, 654, 682, 683, 685, 769, 770, 

775 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,058,430 A 11/1977 Suntola et al. 

4,389,973 A 6/1983 Suntola et al. 

4,413,022 A 11/1983 Suntola et al. 

4,767,494 A 8/1988 Kobayashi et al. 

4,806,321 A 2/1989 Nishizawa et al. 

4,840,921 A 6/1989 Matsumoto 

4,845,049 A 7/1989 Sunakawa 

4,859,627 A 8/1989 Sunakawa 

4,861,417 A 8/1989 Mochizuki et al. 



4,876,218 
4,993,357 
5,082,798 
5,130,269 
5,166,092 
5,225,366 
5,250,148 
5,256,244 
5,270,247 
5,278,435 
5,281,274 
5,290,748 
5,294,286 
5,300,186 



10/1989 
2/1991 
1/1992 
7/1992 
11/1992 
7/1993 
10/1993 
10/1993 
12/1993 
1/1994 
1/1994 
3/1994 
3/1994 
4/1994 



Pessa et al. 
Scholz 
Arimoto 
Kitahara et al. 
Mochizuki et al. 
Yoder 

Nishizawa et al. 
Ackennan 
Sakuma et al. 
Van Hove et al. 
Yoder 

Knuuttila et al. 
Nishizawa et al. 
Kitahara et al. 



(List continued on next page.) 
FOREIGN PATENT DOCUMENTS 
EP 0799641 10/1997 

EP 1 167 569 1/2002 C23C/16/455 

GB 2355747 5/2001 C23C/16/44 

(List continued on next page.) 

OTHER PUBLICATIONS 

Rossnagel, et al. "Plasma-enhanced Atomic Layer Deposi- 
tion of Ta and Ti for Interconnect Diffusion Barriers," J. 
Vacuum Sci. & Tech. B., vol. 18, No. 4 (Jul. 2000), pp. 
2016-2020. 

(List continued on next page.) 

Primary Examiner — David Nelms 
Assistant Examiner — Renee R. Berry 
(74) Attorney, Agent, or Firm— Moser, 
Sheridan 



Patterson & 



(57) 



ABSTRACT 



A system and method to form a stacked barrier layer for 
copper contacts formed on a substrate. The substrate is 
serially exposed to first and second reactive gases to form an 
adhesion layer. Then, the adhesion layer is serially exposed 
to third and fourth reactive gases to form a barrier layer 
adjacent to the adhesion layer. This is followed by deposi- 
tion of a copper layer adjacent to the barrier layer. 
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FIG. 6 
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FIG. 8 
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